Objective. Puerperal sepsis accounts for 12% of maternal deaths in Nigeria. To date, little is known about the background hospital factors that predispose pregnant women to puerperal infection that leads to mortality. The objective of this study was to investigate the nature and pattern of existing policies and practices relating to infection control in maternity care centres in Edo state, South-South Nigeria. Design. Cross-sectional study consisting of in-depth interviews with service providers, observation of clinical practices and examination of medical records. Setting. Public and private health-care facilities in eight local government areas (LGAs) selected from the three senatorial districts of Edo State, Nigeria. Participants. Health providers from 63 primary, secondary and tertiary maternity care centres. Methods. Sixty-three health-care facilities were sampled from eight LGAs from the three senatorial districts in Edo State. Three pre-tested tools were adapted to the local setting and used to interview key informants in the health facilities and to observe for practices and records relating to infection control. Results. Of the 63 health facilities, 68% (43) reported that they had infection control procedures in place, while only 25% (16) reported that they documented these as manuals or charts. Only 13% (8) of facilities had infection control committees; 11% (7) routinely carried out audits of maternal deaths, while 33% (21) reported that they had an ongoing programme for staff training on infection control. A high proportion of the health facilities reported that staff routinely wash their hands before and after sterile procedures, but only half of the facilities were observed to have 24-h running water and only twothirds had soap and antiseptic solutions in delivery and operating theatre areas. Although more than 90% (57) of the health facilities reported that they use sterile gloves routinely, unused sterile gloves were found in only 60% (38) of these facilities, and recycled gloves in 11.1% (7). Conclusion. The results of this study suggest the need for improved record-keeping procedures, the development of appropriate policies and protocols for infection control and staff training on infection control in maternity care facilities in Edo State. A public health education and advocacy programme to create awareness on clean delivery places as an approach for reducing maternal morbidity and mortality and to build political will for implementing related activities is also urgently needed.
Introduction
Nigeria is one of the six countries that account for 50% of global maternal deaths [1] and is one region of the world where the maternal health-related millennium Development Goal may not be achieved [2] [3] [4] . Estimates of maternal mortality are as high as 608 per 100 000 births [1, 5] . Puerperal sepsis, defined as a 'temperature rise above 388C maintained over 24 h occurring from the end of the first to the end of the tenth day after childbirth or abortion' [6] , is the third leading cause of death in among pregnant women [7, 8] , accounting for 15% of maternal deaths worldwide [9, 10] . Estimates from hospital sources in Nigeria indicate that puerperal sepsis complicates 1.5% of deliveries [11] [12] [13] and causes 12% of maternal deaths, with a case fatality rate of up to 40% [7, 14] . Puerperal infection can also cause long-term reproductive morbidity in women, including secondary infertility [15] . This suggests that puerperal infections are most often severe in Nigeria and that a policy focusing on prevention and early treatment would be valuable in reducing attributable rates of maternal morbidity and mortality.
Few interventions have targeted the prevention and improved case management of puerperal infection. Factors predisposing to high risks of puerperal infection in Nigeria include home or traditional births in unhygienic conditions, multiple vaginal examinations during labour and childbirth, prolonged labour with or without premature rupture of foetal membranes, Caesarean delivery and co-existing HIV/ AIDS [16, 17] . Thus, infections are most often acquired exogenously, although endogenous and hospital conditions also play dominant roles.
The objective of this study was to assess the extent to which health facilities in Edo State, Nigeria, comply with standard practices for infection prevention and control (clean practices, clean equipment and environment, and availability of appropriate diagnostic and treatment methods) during the management of pregnancy and delivery. Due to the high preponderance of institutional births in the state, any effort to prevent infection-related maternal deaths would need to be concentrated in private and public health-care institutions. The association between puerperal sepsis and poor infection control has been identified through detailed understanding of its aetiology over its 200-year-old history [18] , yet infection control is still not practised optimally. We believe that the results of the study will highlight gaps in infection control practices, informing subsequent interventions to reduce the rate of infections and associated maternal mortality.
Methods

Study area and health facility selection
The study was carried out in Edo State, South-South Nigeria from January to May 2011. Edo State is one of Nigeria's 36 states and has a population of 3.5 million people. The state has three senatorial districts (South, Central and North) and 18 local government areas (LGAs). A total of 130 health facilities offer maternity services in the state, with the majority located in Edo South. In contrast, Edo Central has only one tertiary hospital, and a few public primary health centres (PHCs) and private clinics (PCs), while Edo North has only a few PHCs and PCs, with no secondary and tertiary hospitals. Seventy percent of pregnant women attend antenatal care in health facilities; 60% are attended by skilled birth attendants in labour; while up to 40% of births occur at home or are attended by traditional birth attendants [19] [20] [21] [22] . Up to 60% of institutional deliveries take place in PCs [17, 21] that often refer difficult cases to public maternity clinics.
Public and private health facilities with high caseloads of pregnant women were selected from eight LGAs, four in Edo South (Egor, Oredo, Ovia North-East and Ikpobaokha), three in Edo Central (Esan Central, Esan North and Esan Southwest) and one in Edo north (Etsako). Overall, we sampled 63 health facilities covering 40% of the PHCs, the only two available secondary/district hospitals, the two tertiary/teaching hospitals in the state and 50% of the PCs in the eight LGAs.
Data collection
Field staff underwent a 3-day training. Permission to conduct interviews was obtained from the heads of facilities.
None of the health facilities declined to participate. Informed consent was obtained from interviewed officials and from the most senior official present at the time of the interview. Ethical clearance was provided by the Ethical Review Board of the Women's Health and Action Research Centre.
The study protocol was adapted from a similar study in India [24] , and was reviewed and contextualized by the local research team. The protocol comprised three sections. Section 1 was a semi-structured interview guide that elicited information from key informants on infection control practices and procedures. Section 2 was a walk through protocol designed to record observations. In section 3, the research teams examined clinical records on infection control and its management. Respondents were largely attending midwives, while a few were community health extension workers, auxiliary nurses, health managers and an obstetrician.
The protocol covered the following topics: (i) general information--type of facility, caseload, methods of infection control, availability of infection control committees and protocols, (ii) infection control practices --hand washing, availability of gloves, (iii) equipment and supplies --gowns, shoe covers, thermometers, disinfectants; (iv) the nature of the environment --cleanliness, availability of running water, clean surfaces, and (v) types and appropriateness of diagnosis, treatment and procedures for puerperal infections.
The walk-through observations covered the labour, operation, changing, scrubbing/autoclave, treatment, processing and storage areas. Respondents were requested to describe how they managed any cases of puerperal sepsis they had seen.
Data analysis
Quantitative data were analysed with SPSS Pcþ and presented as numbers and percentages, focusing on trends and patterns of responses relating to infection control practices in the health facilities. The results were compared with standard national and international protocols. Qualitative data analysis consisted of transcriptions analysed for content and form to identify ways in which infection is prevented and managed. These were then presented as specific narratives.
Results
All 63 health facilities conducted antenatal and delivery care for pregnant women. Uncomplicated deliveries were conducted by nurse/midwives, while 91% (57 facilities) had a doctor providing back-up maternity services, including operative deliveries. Four secondary and tertiary health facilities reported that at least 10 doctors were providing care, with an average of 3 deliveries per doctor per shift. Three tertiary/ secondary care facilities reported more than 1500 deliveries a year, and 60% reported deliveries of less than 150 per year.
Assessment of infrastructure showed that 60% of the health facilities had labour wards, 49% had antenatal wards and 44% had postnatal wards. Operative deliveries were carried out in 60%, and 43% had separate rooms for the management of labour. All PHCs and PCs used the same theatres for maternity and general surgical cases. Of the 63 facilities, 73% (46) reported that they treat women experiencing complications of unsafe abortion.
Reported infection control policies and procedures
Standard infection control procedures were reported in 68% of delivery units. Only 25% had this documented as policies in books, manuals, charts or written forms. The majority (43%) communicated these procedures to staff verbally. Thirteen per cent of the facilities reported having infection control committees, 11% had regular maternal death audits, 29% had standards set for infection control, while 33% routinely trained staff on infection control. Only three facilities reported that they had managed cases of puerperal infection in the month preceding the interviews.
Reported practices of infection control are presented in Table 1 . All 63 facilities reported availability of soap at all times for hand washing. Most reported routine hand washing before procedures, while 85% reported vigorous hand rubbing with antiseptic and/or water before aseptic procedures such as vaginal examination.
High frequencies of hand hygiene, maintenance of aseptic precaution for episiotomy care and on routine advice given to patients on infection control were reported. However, only 46% of facilities reported that they had protocols for training new staff. The same proportion reported conducting on-the-job training for staff on infection control.
Observed infection control practices
The observed practices seen during the walk in are documented in Table 2 . Basic needs such as gloves, antiseptics and running water are not universally available. Automatic mechanisms for opening and closing doors were found in only three operating theatres. Table 3 compares our findings with existing guidelines. Standards for management and asepsis fall short of recommendations. Protective clothing was worn in or near delivery suites or operating theatres in only two-thirds of the facilities. The use of caps and face masks was even less common. Dedicated foot wear, boots or protective shoe covers were present in half or less of facilities. Devices such as eye wear, nail cutters and nail brushes were less commonly found.
Comparison with standards
Of the 63 facilities, only 43 (68%) reported that they routinely disinfect their operating theatres. Of these, 33 reported different methods, the most frequent being: (i) fumigation and use of air conditioners, (ii) use of centrimide-containing vapour and Dettol to scrub and spray surfaces, (iii) dusting of the area and use of methylated spirit to clean equipments and (iv) cleaning with detergent and sodium hypochlorite in 10% alcohol and chlorine. None of these met minimum standards.
Other sterilization procedures
We solicited information on how suction machines and related attachments are disinfected to prevent infection. Up to 82% of the health facilities reported 45 different ways to routinely disinfect suction machines and attachments, demonstrating a wide variance in the methods used. Our enquiry also showed that 92% of the health facilities had no procedures for cleaning light sources and trolleys.
Evidence of puerperal infection: diagnosis and treatment
Examination of existing records in the health facilities showed documentary evidence of four cases of puerperal infections in four separate facilities. The numbers of case records examined to identify a case of puerperal sepsis in each of the four health facilities were 28, 74, 108 and 110, respectively. Although up to 70% of the health facilities reported that they had diagnostic facilities for puerperal infections, only 59% knew the most common organism(s) causing puerperal infection in their units. The organisms listed varied and included malarial parasites, Staphylococcus aureus, Streptococcus and Salmonella typhi. Less frequently mentioned causes were coliform organisms, Klebsiella, Shigella, tuberculosis and Enterobacteriaceae.
Discussion
The results of this study reveal the lack of a strategic approach for preventing and managing infections in public and private delivery health facilities in Edo state. There are no clear guidelines for the control of infection, yet there are several guidelines that set benchmarks and standards for infection control in maternity units for developing countries [24 -26] . These include the strategic development of an institutional infection control programme, consisting of infection control committees and teams, the use of infection control manuals, audit of maternal deaths and education and training of health-care staff. only a few health facilities in Edo state have infection control procedures in place, while current practices are not consistent with recommended international guidelines (Table 3) . Clearly, there is a need to identify a way to institutionalize and integrate good practices of infection control in maternity units. New technological approaches for preventing and treating puerperal sepsis in health facilities have been developed. These include improved hand-washing techniques, hand rubs with antiseptic solutions, low-cost disposable equipment, improved antibiotics and microbiological diagnostic methods [27] . Although a high proportion of the health facilities reported routine hand washing before and after sterile procedures, supporting infrastructure and supplies such as 24-h running water, soap and antiseptic solutions are only present in half of the facilities. Although the routine use of sterile gloves is reported, they are not always found, and recycled gloves were still used in some facilities. Protective wear is in short supply. Taken together, these observations suggest that health facilities may not have put in place effective mechanisms for implementing infection control practices. The WHO has set minimum standards for routine sterilization of delivery and operating instruments [28] . The results of this study showed that many of the health facilities did not meet these basic minimum standards. Approaches are needed to strengthen the health system to integrate sterilization and decontamination procedures into maintenance and governance processes.
The lack of proper record keeping relating to maternity care and statistics on infection was another important finding of this study. Only a few of the health facilities kept some record on their previous experiences of puerperal sepsis, the majority of which were not systematically collected or documented. The result was the lack of appropriate data to allow identification of the pattern and determinants of puerperal sepsis in the health facilities. Only oral evidence was provided for the nine reported cases of puerperal sepsis. Efforts to properly document all cases of pregnant women managed in the health facilities, especially those experiencing infection are needed. This study has potential scientific limitations. Only 8 of the 24 local government councils in the state were investigated because we focused on health facilities with high caseloads. However, the eight selected LGAs provide 70% of the maternal health-care services in the state. They include all tertiary and secondary health-care facilities in the state and the major private health facilities that provide maternity care. We thus believe that the results of this study can be generalized to all parts of the state and even the country as the patterns of health-care delivery in many parts of the country are similar.
Another limitation of the study is the non-blinding of interviewers to the health facilities they investigated. There were also no adequate records to authenticate the claims made by key informants. However, the intense training provided to the interviewers and the fact that none was familiar with the individual health facilities they visited mitigated the level of potential bias in the responses obtained. The addition of the walk-through sessions was valuable in confirming the responses obtained and reduced the liability due to the lack of existing medical records. A previous operations research intervention that focused on the prevention and treatment of puerperal infections [14] failed to make recommendations on sustainable system-wide reforms for implementing and institutionalizing best practices for infection control in Nigeria. Despite its potential shortcomings, the result of this study enables us to make the under listed recommendations for improving infection control and management in delivery places in resourceconstrained settings. † Infection control in maternity units should be prioritized as a major strategy to reduce the high rate of maternal morbidity and mortality. Operational strategies, guidelines and protocols for infection control based on international standards should be developed and made available to all health-care facilities providing maternity care. This should include protocols for hand washing, the sterilization and decontamination of equipment, reuse of materials, fumigation, environmental cleanliness and the rational use of laboratory tests and antibiotics. Compliance with these recommended guidelines can be a challenge. Behavioural and organizational changes are required to improve compliance. However, current evidence indicates that multifaceted approaches are needed, which include education, feedback and use of opinion leaders [18] . † Appropriate policy for maintaining and sustaining infrastructure and supplies essential to infection control in maternity units, such as soap, 24-h running water, antiseptic solutions, antiseptic hand rubs, facemasks and hand gloves, should be developed and implemented in all health facilities. As part of a purposeful infection control measure, regular surveillance should be put in place to ensure that these items are always available. † In view of the lack of data on maternity care and puerperal sepsis in the health facilities, accurate record keeping should be prioritized as part of a purposefully designed monitoring and evaluation system informing review and upgrading for infection control. † Regular community engagement through research, public health education and advocacy is needed to highlight the need for women to use clean delivery places for childbirth. This would reduce the current propensity for women to deliver in places (such as at home or with traditional birth attendants), where infection control cannot be guaranteed. It would also encourage all health providers and health-care institutions to step up their policies and practices relating to infection control and management. In conclusion, the results of this study demonstrate the lack of appropriate policies and practices for infection control in maternity units in Edo state, Nigeria. Given that puerperal sepsis is the third leading cause of maternal mortality in Nigeria, adequate implementation of infection control programmes will significantly reduce maternal mortality. Efforts to promote clean delivery care and to reduce infection-related causes of maternal mortality will be one way to provide evidence of national commitment to reducing maternal mortality.
